Search strategy and study selection
A systematic search of the databases MEDLINE, CENTRAL, and EMBASE was performed by two authors (A.S./C.H.M.-F.) using free text words ('regional anaesthesia' or 'peripheral nerve catheter' or 'continuous nerve block' or 'electrical stimulation' or 'nerve stimulation' or 'ultrasound') combined with MeSH terms (peripheral nerve and ultrasonography) but limited to randomized controlled trials. There were no restrictions regarding publication language or publication year. The last search was in June 2012. Two reviewers (A.S./C.H.M.-F.) primarily reviewed titles and abstracts in order to exclude irrelevant studies. Any controversy at any stage was discussed with a third author (P.K.Z.).
Inclusion criteria
We included all randomized controlled trials comparing the efficacy and safety of US vs NS guidance for peripheral nerve catheter placement. Additionally, we included all trials investigating a combination of both techniques vs one guiding technique alone (e.g. US combined with NS vs NS or US combined with NS vs US). All data irrespective of type of surgery (upper, lower extremity surgery) or utilized local anaesthetics were analysed.
Data extraction and quality assessment
All relevant data were extracted from the original text or extrapolated from figures and tables by two authors (A.S./C.H.M.-F.) and entered on Excel sheets (Microsoftw, Redmond, WA, USA), which were specifically modified for this meta-analysis. Apart from the outcome parameters (see below), we extracted the type of surgery, the needle guidance technique used in the US group ('in plane' vs 'out of plane'), the use of final confirmation of catheter position in the US group, the type of anaesthesia (regional anaesthesia combined with general anaesthesia, regional anaesthesia alone), and the scheme of postoperative local anaesthetics (long-lasting or short-lasting local anaesthetics). If there were missing data, the reviewers tried to contact the corresponding authors of included trials to receive additional unpublished data.
Two reviewers (A.S./C.H.M.-F.) performed the critical evaluation of study quality; a modified Oxford scale published in several other meta-analyses was used. 11 This scale assessed the method of randomization (2 points), concealment of allocation (1 point), blinding (3 points), and description of dropouts (1 point).
Definition of outcome parameters
The primary outcome was the overall number of patients with a perioperative successful peripheral nerve catheter placement ['success rate (overall)']. As already published in another meta-analysis comparing US vs NS for single peripheral nerve blocks all definitions (e.g. successful surgical block, successful sensory/motor block preoperative/postoperative, and successful needle/catheter placement within a defined time period) for successful peripheral nerve catheter placement were rated as equivalent. 7 As secondary outcomes, the 
Statistical analysis
We decided to analyse the outcome parameters separately according to the type of guiding technique, if more than two trials were included for this comparison (US vs NS; US combined with NS vs NS). The relative risk (RR), mean difference (MD), and their corresponding 95% confidence intervals (CIs) were calculated for the dichotomous and continuous outcome data using a fixed-effect model. Statistical heterogeneity was assessed with the I 2 -test and assumed, if an I 2 -value exceeding 30%
was observed. If significant heterogeneity was detected, it was assumed that there was no single 'true' effect underlying the data, which was constant across different populations. In these cases, a random-effects model was used. 12 If continuous data were not reported as mean [standard deviation (SD)], the missing data were calculated as previously reported. 13 Significance was assumed if the 95% CI did not include the value 1.0. If relevant data heterogeneity was detected for the primary outcome, the following subgroups were separately analysed and compared: location of nerve catheter (interscalene, infraclavicular, femoral, and sciatic) and the use of final confirmation of catheter position in the US group ('yes' vs 'no'). Additionally, sensitivity analyses were planned to detect the influence of study quality (high-quality trials vs low-quality trials 
Results

Description of included and excluded studies
Our systematic search identified 206 trials, of which 191 studies were subsequently excluded (Fig. 1) .
Fifteen studies (including 977 patients) satisfied the inclusion criteria and were finally included in the present meta-analysis 14 -28 (Table 1) . Within these 15 studies, nine studies compared US vs NS guidance. 15 -17 19 24 -28 The remaining studies investigated either US combined with NS vs NS 14 18 22 23 or US vs NS combined with US. 20 21 Four trials performed a distal-sciatic, 15 23 25 27 one performed a proximal-sciatic, 17 four performed a femoral, 14 22 26 four performed an interscalene, 16 19 28 and two performed an infraclavicular peripheral nerve catheter. 18 25 The needle guidance techniques used within the US group favoured 'in plane' over 'out of plane' US technique. 14 16 -18 24 -28 Correct catheter placement in the US group was verified by injecting air, 24 -27 injecting local anaesthetics under visibility, 14 18 and using stimulation 16 22 -in five studies, an appropriate catheter localization was not ensured. 15 17 19 23 28 All studies with two exceptions 14 15 continued postoperative analgesia with ropivacaine; one study did not mention the type of local anaesthetic used for postoperative pain treatment. 17 While in 11 studies patients underwent surgery only under regional anaesthesia, six studies performed a general anaesthesia after nerve catheter placement. 14 15 19 22 Finally, seven trials applied a second regional anaesthetic block in addition to the investigated peripheral nerve catheter. 14 15 17 19 -21 23 Critical appraisal of study quality 14 -17 19 -23 mentioned explicitly that the observers were blinded.
interventions (US vs NS). Nine trials
-17 19 -23
Primary and secondary outcome data of trials comparing US vs NS guidance for peripheral nerve catheters
Nine randomized controlled trials including 530 patients (n US ¼268; n NS ¼262) investigated the comparison of US vs NS guidance for peripheral nerve catheter placement. 15 -17 19 24 -28 Number of patients with a successful peripheral nerve catheter placement ['success rate (overall)'] All included trials (530 patients) evaluated the number of patients with an overall successful peripheral nerve catheter for an effective intra-and postoperative analgesia. Definitions of a successful catheter placement varied between the included trials and are summarized in Supplementary Table S2 .
Patients receiving a US-guided peripheral nerve catheter had a higher RR of 1.14 for a successful placement compared with the NS group (Fig. 2) . The sensitivity analysis focusing on differences because of the study quality demonstrated a lower RR for a successful peripheral nerve catheter placement Fig. S4 ). At all other points in time, there were no differences in pain at rest. Similar results were observed for postoperative pain at movement 24 ( Fig. 3) and 48 h postoperative.
Procedure-related pain/discomfort, time to perform (min)
Eight trials 16 17 19 24 -28 were included focusing on procedure-related pain, while only seven studies 16 17 19 24 -28 reported the time to perform catheter placement. Primary and secondary outcome data of trials comparing US combined with NS vs NS guidance for peripheral nerve catheters
We included four trials including 302 patients (n US+NS ¼153; n NS ¼149), which compared the efficacy and safety of US combined with NS vs NS guidance for peripheral nerve catheter placement. 14 18 22 23 Number of patients with an overall successful peripheral nerve catheter placement ['success rate (overall)']
The number of patients with a successful peripheral nerve catheter placement was mentioned in all trials (302 patients). As already mentioned above definitions for block success varied and are summarized in Supplementary Table S2 . The pooled data analysis revealed that peripheral nerve catheters, which were placed with US and NS, showed an almost comparable RR of 1.08 (95% CI: 0.97 -1.21; P¼0.17, I 2 ¼77%) with NS-guided catheters (Fig. 4) . Because of limited data no subgroup and sensitivity analyses were performed.
Number of patients with a primary successful catheter placement (within a defined time period), time to perform (min), and procedure-related pain/discomfort
Because of limited study data no pooled analyses were performed for these outcomes.
Postoperative pain at rest and movement (PACU, 24, 48 h postoperative)
Three trials 14 22 23 reported postoperative pain scores at rest and movement (PACU, 24, 48 h postoperative) in both groups. Patients treated with a US combined with NS-guided nerve catheter reported lower NRS at rest at all points in time (Supplementary Table S4 ). However, the pooled results for postoperative pain scores at movement were different between 24 and 48 h postoperative, while for pain at movement in the PACU no study data were available (Supplementary Table S4 ). Patients with catheter-related complications were mentioned in three trials. 14 18 22 An accidental vascular puncture was the most common adverse event during catheter placement, whereas patients receiving a US combined with NS-guided nerve catheter suffered a lower RR of 0.2 (95% CI: 0.02-1.66; P¼0.14). After operation no patient had a catheter-related infection. Additionally, only one patient treated with a US combined with NS-guided femoral nerve catheter complained about short-lasting (5 days) paraesthesia in the saphenous nerve area. 14 
Discussion
This meta-analysis is based on the data of 15 included randomized controlled trials (977 patients) and compared the efficacy and safety of three different guiding techniques (including US, NS, or both) for peripheral nerve catheter placement: US (n¼268) vs NS (n¼262), US+NS (n¼153) vs NS (n¼149), and US (n¼62) vs NS+US (n¼64). US-guided peripheral nerve catheter placement showed a significantly higher overall success rate and a lower risk for an accidental vascular puncture than NS-guided catheters. However, postoperative pain scores at rest and movement were comparable after a US-or NS-guided peripheral nerve catheter placement.
Efficacy of US guidance for peripheral nerve catheters
There is currently clear evidence in the literature that continuous regional anaesthesia provides better postoperative analgesia and causes less nausea in comparison with systemic opioids after major extremity surgery (e.g. total knee replacement). 29 Additionally, US guidance is currently believed to be the 'gold standard' for single-shot regional anaesthesia, 2 but this evidence is currently lacking for peripheral nerve catheter placement. Our meta-analysis demonstrated a higher overall success rate, a higher RR for a primary successful peripheral nerve catheter placement within a defined time period, lower procedure-related pain scores, and faster procedure times in US-guided peripheral nerve catheters compared with NS. An additional subgroup analysis revealed that trials, which investigated US vs NS for distal-sciatic nerve catheter placement, reported the highest overall success rates; these results were in accordance with other published meta-analyses focusing on single peripheral nerve blocks. 7 8 However, as mentioned above (Supplementary Table S2 ), definitions for block success used in this meta-analysis varied and a current standard description for blocking success is lacking at the moment. 30 Included trials reported more often the number of patients with primary failed catheter placements (no successful peripheral nerve catheter placement within a defined time period) rather than the number of patients with successful, perioperative analgesia-which might be clinically more relevant for the patients. Furthermore, many trials used a stimulation catheter in the NS group, which is more difficult to be accurately placed as demonstrated in this meta-analysis. Additionally, many included trials excluded patients with a primary catheter placement failure (no successful peripheral nerve catheter placement within a defined time period), which also might have influenced the outcomes. Therefore, the calculated overall success rate might be overestimated and should be interpreted with caution.
The current meta-analysis demonstrated the importance of the final confirmation of the correct catheter position in close proximity to the nerve. Trials, which confirmed the final position of the catheter tip with ultrasound, showed a moderate higher success rate than those not using any method for confirmation in the US group. The most common technique used by the trials in this meta-analysis was the injection of air. 31 However, air injection as a control for correct catheter placement has its limitations because of air induced artifacts and subsequently a reduced visibility of the catheter. We hypothesize that an injection of agitated local anaesthetics after catheter placement avoids artifacts, allows an adjustment of catheter location after placement-if necessary-and may even improve the success rate and postoperative pain scores of peripheral nerve catheters. This has already been shown in Fig 4 Meta-analysis of the number of patients with a successful peripheral nerve catheter after a US combined with NS-vs NS alone guided peripheral nerve catheter. 14 18 22 23 Ultrasound vs nerve stimulation for peripheral nerve catheters a case report, 32 but has not been investigated in a randomized
controlled trial yet. We also analysed trials investigating the combination of US+NS vs NS and revealed that the overall success rate was almost comparable, but the postoperative pain scores tended to be lower in the US+NS group. Because of the lacking data, we could not analyse the combination of US+NS vs US, but the included trials 20 21 reported comparable success rates and postoperative pain scores for both techniques, but a longer time to perform, if US was used in combination with NS.
Safety of US guidance for peripheral nerve catheters
Several large prospective trials demonstrated the low number of adverse events after peripheral nerve catheters. 33 -35 The published meta-analysis comparing US vs NS for single peripheral nerve block suggested a lower RR for vascular puncture, but a comparable RR for neurological complications after US guidance. 7 Our meta-analysis confirmed these results for peripheral nerve catheter placement. Regarding the lower RR for accidental vascular punctures US offers the possibility to visualize the surrounding blood vessels and needle movements that the risk for an inadvertent 'bloody' puncture was significantly lower. The overall risk for catheter-related nerve damages is known to be difficult to assess, but the currently pooled incidence for a permanent nerve injury is believed to be 0.07%. 3 36 Patients with temporal neurological complications were only reported in two trials after interscalene catheter placement 19 20 -with six patients after a US+NS-guided peripheral nerve catheter 20 and three patients after NS guidance. 19 The latter finding shows that the anatomical nerve location might even more contribute to the risk for an accidental nerve damage than the guiding technique; the interscalene brachial plexus might have a higher risk for nerve damage because of the lower myelinization of the nerves compared with other peripheral nerves. 37 
Implications for practice
Although US and NS are two different guiding techniques for peripheral nerve catheter placement and both techniques have their advantages and limitations, several experts in regional anaesthesia asked whether it is 'time to ask the question' regarding further NS use in the future. 38 This meta-analysis demonstrated that the use of US might be the favourable guiding technique for the block of superficial peripheral nerves (e.g. distal-sciatic nerve). However, it might be more difficult to block deeper nerve structures (e.g. proximal-sciatic nerve) with US guidance alone and may necessitate in some cases the addition of NS confirmation. 15 -17 19 28 Furthermore, in most trials included in this meta-analysis regional anaesthesia, experts performed the peripheral nerve catheter placements. Although several trials demonstrated the increased learning curve for US-guided regional anaesthesia in trainees, 39 40 in the beginning of US-guided regional analgesia a combination of US and NS could be a valuable option for an accurate placement of peripheral nerve catheters. 41 Therefore, from our point of view, US represents the 'gold standard' for continuous regional anaesthesia, but under special conditions (e.g. difficult anatomy, deep nerve structure, and regional anaesthesia education) NS is still a valuable technique to provide additional information for a correct peripheral nerve catheter placement.
Limitations
The result of each meta-analysis is limited by the heterogeneity of included trials. As mentioned above, definitions of block success were different in the included trials and a recently published review concluded that a consistent standard for the definition of block success is currently lacking in the literature. 30 Therefore, this inconsistent success definition (Supplementary Table S2 ) might have influenced the primary outcome, although our calculated RR for a successful peripheral nerve catheter was similar to a recent publication investigating single-shot regional anaesthesia. 7 Additionally, as has been already mentioned above, many trials excluded the patients with primary catheter failure from further analysis. We tried to get insight into this influence by analysing the outcome 'number of patients with primary successful catheter placement (within a defined time period)'. Although generally the number of patients excluded because of this reason was reasonable low, it might have influenced the other outcomes and the results should be interpreted with caution; therefore, future trials focusing on this issue should be performed on an intention to treat basis. As already mentioned in an editorial, 42 many studies comparing US vs NS as guiding technique for regional anaesthesia applied different amounts of local anaesthetics during initial peripheral nerve catheter placement and postoperative pain treatment, which might have also increased the heterogeneity of the primary and secondary outcome data. Additionally, different US needle techniques ('in plane' and 'out of plane') were used, but a standard for peripheral nerve catheter placement is currently lacking in the literature. Because of the different interventions (US vs NS) blinding of the provider of peripheral nerve catheter placements and the patient were not possible, which might also lead to a higher impact of a potential bias. Furthermore, eight included trials 19 -21 24 -28 were only performed by two primary investigators, which might contribute to a multiple publication bias.
Conclusion
There is ample evidence that US-guided peripheral nerve catheter placement is associated with a higher success rate and a lower risk for accidental vascular puncture compared with NS guidance. However, these advantages in catheter placement resulted only in a minor reduction of postoperative pain scores at rest. Nevertheless, the fact that the final position of peripheral nerve catheter was rarely confirmed in the US group, might have influenced these results. Furthermore, the latter findings were influenced by significant heterogeneity and should be therefore interpreted with caution. final approval. C.H.M.-F.: literature search, data extraction, data analysis, writing the first draft of the paper, and final approval. P.K.Z.: study design, data analysis, writing the first draft of the paper, revising the article, and final approval. E.M.P.-Z.: study design, data analysis, revising the article, and final approval.
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